Introduction
Stimulation of progesterone production by luteal cells in vitro with luteinizing hormone (LH) has been demonstrated for several species (Lemon & Mauleon, 1982; Fitz et ai, 1982; Milvae et ai, 1983; Carnegie & Tsang, 1984; Eyster & Stouffer, 1985) . Human chorionic gonadotrophin (hCG) has also been shown to be effective in stimulating progesterone secretion by luteal cells in a number of species (Moyle, 1980; Ziecik et ai, 1980; Bourdage et ai, 1984; Ottobre et ai, 1984) . While pregnant mare serum gonadotrophin (PMSG) binds to rat, cow and pig luteal gonadotrophin receptors with approximately the same efficiency on a molar basis as hCG and LH, PMSG binds to LH receptors of mares with about one-tenth the affinity of receptors in other species (Stewart & Allen, 1979) . The ability of these gonadotrophins to stimulate progesterone secretion from mare luteal cells in vitro has not been characterized.
In the mare, as in other species, gonadotrophins are the putative regulators of progesterone secretion. Regulation of progesterone secretion by gonadotrophins appears to entail direct as well as indirect actions. Within the corpus luteum of several species there are two distinct steroidogenic cell types commonly referred to as small and large luteal cells (Ursely & Leymari, 1979; Fitz et ai, 1982; Hoyer et ai, 1984 Hoyer et ai, , 1986 . Since these cell types have different steroidogenic capacities (Fitz et ai, 1982) changes in their relative abundance could dramatically influence progesterone output by the corpus luteum. Administration of hCG during various stages of the oestrous cycle in sheep (Gamboni et ai, 1984; Farin et ai, 1988) MO: 90 10"7 to 90 10"" mmol/tube); PMSG (PM82B1: 40 10"6 to 40 10"10mmol/tube, 4000i.u./mg); or no hormone. PMSG was purified as previously described (Matteri et ai, 1986) . At the end of incubation, cells were pelleted by centrifugation (900 g) and medium was collected and stored ( -20°C) Assays. Progesterone concentrations were measured in reconstituted petroleum ether extracts of duplicate samples of serum or incubation medium by a radioimmunoassay previously described (Niswender, 1973) , using antiserum raised in rabbits against progesterone-11 -hemisuccinate-BSA. Cross-reactivity of the antibody was 1 % for oestradiol-17ß, hydrocortisone, testosterone, oestriol, 20a-hydroxy-4-pregnen-3-one, 5a-pregnane-3a,20a-diol and 17ß-hydroxyprogesterone. Intra-and inter-assay coefficients of variation were 7-5% and 14-6% respectively. Sensitivity, as determined by 90% inhibition of binding, was 25 pg/tube. Plasma LH was analysed by a modification of the method described by Niswender et (Fig. 1) In suspended cell incubations, horse LH and hCG stimulated secretion of progesterone (P < 0-01) above controls at all doses tested (Fig. 2) . There was a linear increase in secretion of progesterone with increasing concentrations of horse LH and hCG (Fig. 2) . Differences in slopes of the dose-responses (P < 010) indicated that responsiveness to hCG was greater than for horse LH. At all doses, hCG was more effective on a millimolar basis in stimulating progesterone release (Fig. 2 ). There were no concentrations of PMSG which stimulated a significant increase in progesterone production (data not shown). 
Discussion
On the basis of cell diameter, there appear to be two distinct luteal cell subpopulations in the mare (Fig. 1) 1-3 ± 0-5 35-2 + 14-3 (Lemon & Loir, 1977) , rabbits (Hoyer et ai, 1986) and cows (Ursely & Leymarie et ai, 1979) . Whether the responsiveness of these cell types to LH is different, as it is in other species (Lemon & Loir, 1977; Ursely & Leymarie, 1979; Fitz et ai, 1982; Rodgers et ai, 1983; Hoyer et ai, 1984 Hoyer et ai, , 1986 , is unknown since mixed cell populations were utilized in this study. However, the ability of hCG to augment progesterone concentrations in vivo from Days 7 to 14 (Fig. 3) indicates that responsiveness of the mare in vivo to hCG is similar to that observed in the ewe (Gamboni et ai, 1984; Farin et ai, 1988) . If these changes in progesterone secretion after hCG administration are due to changes in the cellular composition of the corpus luteum as proposed for the ewe (Gamboni et ai, 1984; Farin et ai, 1988) , then it would seem reasonable that the cell types in the mare are functionally similar to the distinct steroidogenic luteal cell types described for other species. Alternatively, an increase in progesterone concentrations might be due to increases in numbers of steroidogenic cells or amount of luteal tissue. In the present study hCG effectively stimulated secretion of progesterone by the mare corpus luteum in vitro and in vivo. This may be due to the ability of the hCG molecule to bind to the LH receptor on the corpus luteum, as has been demonstrated for the rat (Moyle, 1980) , ewe (Mock & Niswender, 1983) , pig (Ziecik et ai, 1980) , monkey (Eyster & Stouffer, 1985) and mare (Roser et ai, 1982) . In vitro, hCG appears to be much more effective than horse LH in stimulating progester¬ one secretion based on the hormone preparations used. In cultured rat Leydig cells, Segaloff et ai (1981) also found that hCG was more effective in stimulating progesterone secretion than was LH. This difference in effectiveness may be related to the rate of internalization of the two proteins. The results of Mock & Niswender (1983) demonstrated that hCG bound to the LH receptor of sheep luteal cells is internalized 50 times slower than is LH bound to the same receptor. Presumably, the reduced rate of internalization of the LH receptor in the luteal cell membrane when bound to hCG is responsible for the prolonged ability of hCG to stimulate progesterone secretion (Bourdage et ai, 1984) . It has been shown that persistent occupancy of the LH receptor by hCG is required for continued activation of the adenylate cyclase system (Abramowitz & Birnbaumer, 1982) and that removal of the hormone from the receptor results in a decrease in adenylate cyclase activity.
The inability of PMSG to stimulate progesterone production at any level of treatment is not surprising since horse luteal LH receptors apparently do not avidly bind PMSG (Roser et ai, 1982; Stewart & Allen, 1979) and horse luteal tissue does not have specific receptors for PMSG (Stewart & Allen, 1979) . The inability of PMSG to stimulate progesterone in the present study also suggests that this hormone does not act to stimulate secretion of progesterone through a receptor system other than that for LH in the corpus luteum formed during the oestrous cycle of the mare. Regulation of the secretion of progesterone in the corpus luteum of the oestrous cycle, however, may be different from that of secondary corpora lutea formed during pregnancy.
The ability of hCG to enhance progesterone secretion in vitro was also demonstrated in vivo.
The effects of hCG administration in vivo on progesterone concentrations, however, were not observed on the days of administration (Fig. 3) (Fitz et ai, 1982) . The small cell stimulated by LH may represent the principal source of luteal progesterone (Rodgers et ai, 1983) . The large cell is not responsive to LH, its basal secretion of progesterone is 10 times that of the small cell and may significantly contribute to the amount of progesterone secreted by the corpus luteum (Fitz et ai, 1982 (Fig. 4) . The differences in progesterone concentrations throughout the oestrous cycle and to Day 30 in pregnant mares (Fig. 4) were apparently due to hCG treatment and not to changes in endogenous LH secretion.
An alternative explanation for the prolonged elevation of progesterone concentrations in hCGtreated mares is that additional luteal tissue was formed after administration of hCG. Although mares were palpated after injection of hCG and no additional corpora lutea were found, luteinized follicles may not have been detected. If the dose of hCG used in the present study (3-5 times below that normally used to induce ovulation) did luteinize follicles, a rapid increase in serum progester¬ one concentrations would be anticipated. Increases in serum progesterone after induction of ovu¬ lation normally occur within 24-48 h (Michel et ai, 1986 ). This was not the case in the present study as an increase in serum progesterone concentrations above controls was not found until 4 days after the first injection of hCG (Fig. 3) .
Despite elevated progesterone concentrations in hCG-treated mares, release of LH in these mares was not different from that in controls (Table 1) . These results suggest that LH release in the mare is not subject to extremely sensitive feedback regulation by progesterone. Progesterone does inhibit LH secretion in ovariectomized mares (Garcia & Ginther, 1978) but these effects are much less pronounced compared to the negative feedback effect of oestradiol and progesterone in combination. Alternatively, if progesterone feedback inhibition of LH release was maximal in con¬ trol mares, further suppression of LH release by progesterone in hCG-treated mares would not be expected to occur.
In conclusion, these results support the concept that two steroidogenic cell types are present in the corpus luteum of the mare during dioestrus. These cells are responsive to gonadotrophin stimu¬ lation both in vitro and in vivo. Additional gonadotrophin stimulation in vivo results in prolonged elevation of serum progesterone secretion without influencing endogenous LH secretion.
